Background and Purpose-Our goal was to investigate whether initial ischemic lesion pattern can predict stroke recurrence in patients with symptomatic intracranial arterial stenosis. Methods-Of the Trial of Cilostazol in Symptomatic Intracranial Arterial Stenosis (TOSS)-2 trial participants, we included patients who underwent diffusion-weighted imaging and fluid attenuation inversion recovery imaging at baseline with a follow-up fluid attenuation inversion recovery imaging at 7 months. Based on the diffusion-weighted imaging findings, we classified the initial ischemic lesion patterns according to location (subcortical versus cortical versus subcorticocortical) and multiplicity (single versus multiple). We also evaluated the occurrence of new ischemic lesions on follow-up fluid attenuation inversion recovery as well as clinical stroke in the symptomatic intracranial arterial stenosis territory. Results-Of 353 patients included in this study, 44 (12.5%) and 13 (3.7%) patients had new ischemic lesions and clinical recurrent stroke in the initial symptomatic intracranial arterial stenosis territory, respectively. On multivariable analysis, the initial lesion patterns of subcorticocortical and multiple lesions were independent predictors of new ischemic lesions in the symptomatic intracranial arterial stenosis territory (OR, 3.01; 95% CI, 1.33-7.01; Pϭ0.03; OR, 2.81; 95% CI, 1.34 -5.9; Pϭ0.006). These patterns also predicted clinical recurrent stroke. Conclusion-Subcorticocortical lesions and multiple lesions are radiological predictors of recurrent ischemic stroke in symptomatic patients with intracranial arterial stenosis. Clinical Trial Registration-URL: www.clinicaltrials.gov. Unique identifier: NCT00130039.
I
ntracranial arterial stenosis (ICAS) is one of the most common causes of stroke. 1,2 Symptomatic ICAS is associated with a greater risk of recurrent stroke than extracranial disease or cardioembolism, but current established therapies have limited efficacy. 3 Moreover, the majority of recurrent strokes occur in the initial symptomatic ICAS territory and nearly half of these strokes are disabling. 4 To establish more efficacious secondary prevention strategies, it is essential to clarify the predictors of recurrent ischemic stroke.
We hypothesized that diffusion-weighted image (DWI) lesion patterns might predict new ischemic lesions and clinical stroke recurrence in patients with symptomatic ICAS. To test this hypothesis, we performed an MRI substudy of TOSS-2 (Trial of Cilostazol in Symptomatic Intracranial Arterial Stenosis).
Methods
Symptomatic ICAS was defined as a significant focal stenosis in the M1 segment of the middle cerebral artery or basilar artery on MR angiography relevant to acute lesions of the index stroke identified by DWI. Details of the TOSS-2 trial have been published previously. 5 In the current study, patients for whom initial DWI, fluidattenuated inversion recovery (FLAIR), and 7-month FLAIR images were available were included.
MRI Evaluation
Two investigators (D.-W.K. and K.-H.Y.) who were blinded to clinical information and the location and degree of symptomatic ICAS evaluated the ischemic lesion patterns on baseline DWI images and new ischemic lesions (NILs) on follow-up FLAIR images. Lesion patterns on DWI were classified as follows: location (subcortical versus cortical versus subcorticocortical) and multiplicity (single versus multiple). Perforating vessel infarcts of M1 segment and basilar artery were included as subcortical lesions. Cortical lesion included pial artery infarcts in the middle cerebral artery M2 division, posterior cerebral artery, superior cerebellar artery, or anterior inferior cerebellar artery and/or border-zone infarcts in the anterior or posterior cortical border zone or internal border zone. 6 Subcorticocortical lesions comprised both subcortical and cortical infarcts or large territorial infarcts (online-only Data Supplement Figure I ). Multiple lesions referred to Ն2 separate lesions in the same or different vascular territories. NILs were identified through slice-to-slice comparisons of baseline MRI (DWI and FLAIR) images and follow-up FLAIR images. The degree of stenosis was classified as mild, moderate, or severe according to the TOSS classification (online-only Data Supplement Figure II) . 7 
Outcomes
The occurrence of NILs on follow-up FLAIR images and clinical stroke recurrence in the initial symptomatic ICAS territory were evaluated.
Statistical Analysis
We selected variables with PϽ0.1 based on univariable analyses for multivariable logistic regression analyses. Because a link between the lesion patterns on DWI images and the degree of stenosis has been demonstrated previously, 6 we explored the interaction between lesion patterns and the degree of stenosis by multivariable analysis. Location and multiplicity were not simultaneously included in multivariable analysis due to suspicion of multicollinearity between these 2 variables. Two-tailed tests were conducted in every analysis with a significance level of Pϭ0.05. SPSS Version 17.0 for Windows (SPSS Inc, Chicago, IL) was used for the statistical analyses.
Results
Of the 457 TOSS-2 subjects, 409 patients underwent follow-up MRI. Of these, 56 subjects were excluded due to the unavailability of either baseline DWI images or follow-up FLAIR images. There were no differences in baseline characteristics between the 56 excluded and 353 included subjects, except for an older age in the included group. Of the 353 patients, 44 (12.5%) had NILs in the initial symptomatic ICAS territory. Clinical recurrence occurred in 13 (3.7%) patients, who all presented with ischemic stroke, not transient ischemic attack. For these patients, follow-up FLAIR images obtained at the time of the recurrent stroke (median time between baseline imaging and follow-up imaging, 92 days [range, 3-213 days]) were included in the analyses.
Initial lesions were mainly associated with M1 stenosis (80.2%). All subcorticocortical lesions comprised both subcortical and cortical infarcts, not a large territorial infarct. Initial lesion patterns (location and multiplicity) were significantly associated with the degree of stenosis (all PϽ0.001). Patients with subcorticocortical or multiple lesions on initial DWI images were more likely to have severe stenosis, whereas those with subcortical lesions were more likely to have milder stenosis (all P for trend Ͻ0.001).
Predictors of New Ischemic Lesions and Clinical Recurrent Stroke
Based on the results of the univariable analyses (online-only Data Supplement Table I ), the variables of lesion pattern (location or multiplicity) and degree of stenosis were selected for multivariable logistic regression analysis. In 2 models with an interaction term included, neither the interaction terms between the lesion pattern elements and the degree of stenosis nor the other variables were significant. On multivariable analyses excluding an interaction term, an initial lesion pattern of subcorticocortical infarction and multiple lesions was independently associated with NILs in the symptomatic ICAS territory (OR, 3.01; 95% CI, 
Discussion
This study is the first to demonstrate that the initial lesion pattern can predict recurrent stroke in patients with symptomatic ICAS. However, severe stenosis, which is known to be a risk factor for recurrent stroke based on previous studies, [2] [3] [4] 8 was not a significant predictor of NILs after adjusting for lesion pattern.
We found a significant correlation between the degree of stenosis and the initial lesion pattern. Severe stenosis makes blood flow more turbulent and can induce the rupture of atherosclerotic plaques or thrombus formation with subsequent embolism. 9 That is, more severe stenosis is more likely to cause distal embolism. Furthermore, hemodynamic mechanisms may contribute to initial or recurrent lesion formation because severe hemodynamic compromise likely reduces the washout of distal emboli.
This study had several limitations. First, we had limited statistical power to test interactions between initial infarct patterns and the degree of stenosis. Despite the nonsignificant probability value for interactions in the multivariable models, the ORs of lesion patterns were attenuated after adjusting for the degree of stenosis, suggesting an interaction, regardless of the probability value. Second, a considerable number of patients (13.7%) were excluded for imaging unavailability. Third, the assessment of the severity of stenosis based on MR angiography could be inaccurate compared with conventional angiography as reported for the Stroke Outcomes and Neuroimaging of Intracranial Atherosclerosis (SONIA) trial. 10 Fourth, patients with intracranial artery occlusion, in whom hemodynamic compromise could be an important mechanism for recurrent stroke, were excluded from the TOSS-2 trial. Additionally, no imaging modality was used to evaluate perfusion status or embolic signals of symptomatic ICAS.
In conclusion, patients with symptomatic ICAS with specific DWI patterns of subcortical-cortical or multiple lesions are at higher risk of recurrent ischemic stroke. 
Sources of Funding

0.019
Unadjusted variables (p < 0.1) were included in model 1 (location) and model 2 (multiplicity). OR = odds ratio.
